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° Recommend future work
Rationale: Fracture Mechanics of Silicon
i
e THE C_CKINGCELLISONE OF THEMAJORSOURCESOF SOLAR
PANELREJECTIONA_D FAILURETHATCONTROLTHECOST.
e F,_,DATAOF Sl ,',RECRI[ICALLYIMPORTANTFORTHE DEFIGN _ -i
OF RELI_LESOLARCELLS, RODATAWASAVAILABLE,
Objectives I: Fracture Mechanics
e DEVELOPFRACT'IREM CHANICS(F,M.)METHODOLOGY
I GENE_TE F,M,DATA
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Key Accomplishment_ of Fraci e Mechanics of Silicon
• Developed a "Standard test method for silicon solar cell strength" by a
J manuf°Ur'p°int¢_rerstWistingmethod. This method has been implementedin many PVfa_u .
i
i
i o Developed test methodologyand aeneratedFM data of SI. Results of thisI
pioneering effort have enhanced production yields; improved cell
f_
reliabilityand durability and established mechanicaldesign criteria
! which has reducedcell co_t.
° FM techniquehas been utilized to modelling the slllcc_ ingot wafering
and to predict the limits and to improve the waferin_ conditions.
• FM technologyhas been recently extended to other semiconductors
(e.g. Gahs),
i Publishedmore than 30 papers in the area of FM of Sl. E_tabllsheda
o
,k technology base at JPL on the fracture mechanics of SI.
FutureWork --I:FractureMechanicsofSilicon
I. The effect of plastic zone propagation on the crack extension silicon at
several temperatures.
2. Creep deformation of SI sheet at high temperature.
3. Fracture mechanics properties of other se_,;conductormaterials
(e.g., GaAs, Cd Te, InP).
Objective I1' Nonlinear Stresses Analysis of Silicon Web
TO DETERMINEANOPTIMALTEMPERATUREPROFILE
IN A WEBSUCHTHATTHEDETRIMENTALSTRESSES
._ AREMINIMAL.
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Modulus of Elasticity
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i• ADVANCED SILICON SHEET
_ Steady State Maximum Stresses Versus Temperature Profila
'ff 4,
" '_ (LOW E CASE)
, i SS crx _,_
_TEMP_ TENSION COMPRESSION TENSION COMPRESSION
PROFILE\
- 4 251 82 332 400
d;" !
I_] 1 295 165 487 5"/5
. ' 2 435 154 512 618
3 Z29 128 522 604
' i (LITERATURE l
_p_SS
"_ pRT_uPI_ TENSION COMPRESSION TENSION COMPRESSION i ;
i = ,i J i
3 468 243 911 1027 ;
_I 4 "1I 1747 775 I 2913 2114
I
i
" Conclusion
_' • DETRIMENTALSTRESSAREHIGHLYDEPENDENTUPON '!
MATERIALPROPERTIES
• STEADYSTATEMAXIMUMcrx (IN WIDTHWISE)IS tALWAYSLESSTHANTRANSITSTATEMAXIMUMAND
MAXIMUMcry (IN LENGTHWISE)IS GRADUALLY
; INCREASEDTOSTEADYSTATEMAXIMUMWITHGROWTH
i • THEOPTIMALTEMPERATUREPROFILEIS DEPENDENT
,! UPONMATERIALPROPERTIES(E cry, ¢1etc.)
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' Future Work Planned -- II
-!
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"- i 11 MOREMATE]_IALPROPERTIESN 2O°C- 8O0°C
=. 4
: , 2) LOCALBUCKLINGBEHAVIOR,STRESSTIFFNESSANOITS
41,
_' i EFFECTSIN BUCKLINGMODES.
L
' 3} EFFECTOF WEB SIZE,PULL-UPSPEED
Objective II1:Thermal Analysis
* Geometry of Ribbon and the Reference Coordinate System
PLANErRESSPROBLEM
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• _
• _ Frowning Temperature Distribution Uniform Temperature Distribution
No Thermal Stresses Develop Thermal Stresses Develop
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,; Keysketch for Determining Temperature Distribution
_ Satisfying A2T = 0
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Center, Edge, and Frowning Temperatures for Beta= 2
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!_ Center, Edge, and Frowning Temperatures for Beta = 50
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'" I ADVANCED SILICON SHEET
_ Conclusions
-
,- _ o TEMJ_EI_TUREP OFILES_Y BESLIGHTLYFRO._NED
o TOELIMINATEHETHERIIALSTRESSES 4
' o INTHENUFERICALCORPUTArIONOFTHE&_LSTRESSES
_IU,'iERI('ALCONVERGE!ICENIALYSlSISVERYI_PORTANT
o A SIHULATORISBEIi_GDEVELOPEDFORTHEELASTS-
:_t_", THERI._-V!SCO-PLASTICBEHAVIORFTHESILICO._I
RIBBO_FORN_YTHEPJ_ALLOADING.ELASTICPORTIO_I
OFTHESIMULATORISCOtIPLETE,INCLUDINGTHE
BUCKLINGTENDENCYANALYSIS
_" o THER,'IO-VISCO-PLP3T!CPARTOFTHESIrlULATOR •4
ISBEINGDEVELOPED.
o INORDERTO MINIHIZETHEEXECUTIONCOSTOFTHE
SIHULATOR,PARTITIONINGOFTHEMATRICESIS
NECESSARY'WHICH.WILLBEI._PLFJIE_TEDLATER,
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_' " Silicoh High-Temperature Test Program: Objectives
- , o PERFORMUNIAXIAL,TENSILE,STRESS-STRAINAtO STRESS RELAXATION
" TESTS ON SILICONSHEET MATERIALSAT TEMPERATURESABOVE I000°C
, IN ORDER TO MEASURETHE LOW STRAIN (LESSTHAN I%) RESPONSEOF
THESE MATERIALS.
i
QUANTIFYTHE EFFECTOF LOW STRAIN AND STRESSON THE GENERATION
:'" OF RIBBONSTRUCTURALDEFECTS,PRIMARILYDISLOCATIONS.
I PROVIDENEW HIGH TEMPERATUREMATERIALPROPERTYDATA, SUCH AS
CREEP CHARACTERISTICS,SO THAT SILICONSTRESS-STRAINMODELING
COULD BE IMPROVED.
Silicon High-Temperature Test Program" Status
e BASED ON COMMENTSBY DR. SUMINO AND SCATTEREDTEST DATA FROM
DOZENS OF TESTS CONDUCTEDIN 1985 THE TEST COUPONDESIGN/
PROCESSINGWAS MODIFIED IN EARLY 1986.
• NO NEW TEST DATA YET.
: e SOME CALIBRATIONTESTS,SUCH AS MEASUREMENTOF EXTENSOMETER
_ FRICTIONALLOAD CONTRIBUTIONAND LOW TEMPERATURESPRING CONSTANT
OF THE LOAD TRAIN HAVE BEEN COMPLETED,
.I
¢ o MEASUREMENTOF +IO00°CLOAD TRAIN STIFFNESSHAS BEEN DIFFICULT. ,
, e NEW TEST COUPONSOF ZERO DISLOCATION[211]ORIENTEDCZ AND WEB
RIBBONHAVE BEEN PRODUCEDBY ULTRASONICMACHININGAND SUBSEQUENT i
, CHEMICALEDGE-ONLYETCHING,
I VACUUMCAPABILITYHAS BEEN ADDED TO THE TEST FURNACE.
-/
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_ ADVANCED SILICON SHEET
!
• Silicon High-Temperature Test Program: Future
_, i COMPLETELEVATEDTEMPERATURELOADTRAINSTIFFNESSMEASUREMENTS, '_
I CONDUCTSTRESSRELAXATIONTESTS(CONSTANTOTALSTRAItl)AT .!.O00°C
' AND 1200°C. INITIALSTRESSLEVELSWILLBE INTHERANGE3-20MPA
DEPENDINGON TESTTEMPERATURE,TOTALSTRAIN_-1%. MEASURETIME
CONSTANTOF LO_ DECAYAND DEVELOPCONSTITUTIVECREEPEXPRESSION
t-
iiiLl_{. BASEDON EXPERIMENTALBEHAVIOR,
) USEX-RAYTOPOGRAPHYAND ETCHPITSTUDYTO CHARACTERIZEDXTENTOF
LOWSTRAINSTRUCTUREFqRMATION.
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